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(54) An electrosurgical generator and system 

(57) An electrosurgical system including an elec- 
trode assembly having two electrodes for use immersed 
in an electrically conductive fluid has a generator with 
control circuitry for rapidly reducing the delivered radio 
frequency output power by at least 60% within at most a 
few cycles of the peak radio frequency output voltage 
reaching a predetennined threshold limit, in this way, 

threshold set 

■ K 



tissue coagulation can be performed in. for example, 
saline without significant steam generation. The same 
peak voltage limitatton technique is used in a tissue 
vaporisation or cutting mode to limit the size of the 
steam pocket at the electrodes and to avotel electrode 
burning. 
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Description 

[0001] This Invention refates to an electrosurglcal 
generator for dellveiing an electrosurglcal current par- 
ticularly but not exclusively in intracavUa7 endoscopic 
eleclrosurgery. The Invention also relates to an electro- 
surgical system comprising the combination of a gener* 
ator and an electrode assembly. The term Intracavitary* 
Is used in this specification to denote electrosurgery in 
which Ihring tissue is treated by least Invasive surgical 
access to a body cavity. This may involve 'undenvater 
electrosurgery', a term denoting that the surgery is per- 
formed using an electrosurglcal instrument with a treat- 
ment electrode or electrodes immersed in liquid at the 
operation site. The invention has particular application 
In the fields of urology, hysteroscopy and arthroscopy. 
[0002] Intracavitary endoscopic electrosuigery is 
useful for treating tissue in anatomical or surgically cre- 
ated cavities of the body which can be accessed by 
methods involving minimal trauma to the patient, be this 
through a natural body passage or one created arttft* 
ciaHy. The cavity is distended to provide space for gain- 
ing access to the operation site to Improve visualisation 
and to allow for mantputation of Instruments, fn low vol- 
ume body cavities, particularly where it is desirable to 
distend the cavity under higher pressure, liquid rather 
than gas is more commonly used due to better optical 
characteristics and because It washes blood away from 
the operative sile. Conventionally, a non-electrolyte 
solution such as glycine Is used as the fluid distension 
medium when electrosurgery is being used, glycine 
being electricatty non<onductive. 
[0003] The llnilted surgical access encountered 
during intracavitary endoscopic procedurss makes the 
renwval of tissue pieces derived from a typical electro- 
surgical loop cutting electrode both difficult and time 
consuming. Vaporisation of tissue wheret^ the tissue is 
reduced to smoke and water vapour Is a preferable 
technique in these situations, rather than the piecemeal 
removal of tissue. The products of vaporisation may be 
removed foik)wlng dissolution within a lic^ld irrigating 
medium. 

[00041 With regard to underwater endoscopic elec- 
trosurgery. the applicants have found that it Is possible 
to use a conductive liquid medium such as normal 
saline In place of glycine. Normal saline Is the prefen'ed 
distension medium in undenvater endoscopic surgery 
when etectrosui^sry is not contemplated or a non-elec- 
trical tissue effect such as laser treatment Is being used. 
Although nonnal saline (0.9%w/v; 150mmol/l) has an 
electrical conductivity somewhat greater than that of 
most body tissue, it has the advantage that displace- 
ment by absorption or extravasatton from the operative 
site produces little physiological effect and the so-called 
water Intoxfcation effects of glycine are avoWed 
[0005] Effective electrosurglcal treatment of tissue 
which is totally Immersed In liquid at the application site 
is difficult to achieve because the heat generated by the 



flow of electrical currents in both the t^ue being 
treated and surrounding conductive Tiquid tends to 
cause boiling of the liquid. The (^crating electrode Is 
intermittently surrounded by water vapour rather than 
5 liquid, with consequent large variations in the electrical 
Impedance of the load presented to the generator sup- 
plying the electrosurgteal power to the electrode. Whilst 
this variation Is mit^ated Isy use of a non-conductive Oq- 
uid, cannot be eliminated entirely due to the release of 
10 body fluids at the operative site which elevates the elec- 
trical conductance of the liquid. Changes In tissue type 
also alter the load Impedance. These effects resutt In 
difficulty in controlling the electrosurglcal output to pro- 
duce consistent effects on the tissue being treated. As a 
rs result, high powers are commoniy emf^oyed to over- 
come this performance variatton. 
[0006] According to a first aspect of this Invention, 
an electrosurgteal generator for supplying radio fre- 
quency power to an electrical instrument, comprises a 
20 radio frequency output stage havfrig at least a pair of 
electrosuigical output connections for the defivery of 
radio frequency power to the hstrument, a power sup- 
ply coupled to the output stage for supplying power to 
the output stage, and control circuitry including sensing 
^5 means for deriving a sensing signal representative of 
the radio frequency peak output voltage developed 
across the output connections, wherein the output stage 
comprises a resonant output circuit coupled to the out- 
put connections and a switching de\nce coupled to the 
30 resonant output circuit, and wherein the control circuitry 
Is operable to actuate the switching device to reduce the 
delivered radio frequency power. The switching device 
is preferably connected between the resonant output 
circuit and one of a pair of supply rails of the power sup- 
3s ply means, and connected so as to switch current 
repeatedly through the resonant output circuit at its res- 
onant frequency. In order to cause a control overshoot, 
in terms of the degree to which the deRvered power is 
reduced when the output voltage reaches the predeter- 
^0 noined threshold, the control circuitry is so arranged and 
coupled to the switching device that It is capable of 
reducing the 'on* time of the switching device during 
indh/idual radio frequency switching cycles sufficiently 
rapidly to cause a 50% reductton in delivered output 
4S powerwithin I00|is of the predetenmined threshold hav- 
ing been reached. This allows surgery to be performed 
in a conductive fluid field, in particular in a safine solu- 
tion. Large and rapW changes In load impedance can 
occur substantially without causing unwanted electro- 
so surgical effects. For example, when it is desired to pro- 
duce electrosurglcal desiccation, any increase in 
Impedance due to vaporisation of sun-ounding saline in 
the region of an electrode of the Instrument which might 
othenvise lead to unwanted arcing at the required 
55 power level for effective desiccation can be largely pre- 
vented. When electrosurglcal tissue cutting or tissue 
vaporisation Is required, output voltage limitation can be 
used to prevent electrode burning anchor excesshfe tis- 
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sue vaporisation. 

[00071 "Hie control circuitry may include a control 
line feeding a first power reduction control signal to the 
radio frequency ou^tut stage. The output stage, which 
may be a radio frequency power oscillator, typically has 5 
as the oscillating element a radio frequency power 
device, and in the prefemed ennbodlment, the control cir- 
cuitry is ananged such that at least a 60% reduction in 
output power is brought about in a period of less than 
2Q^s after the output voltage reaches the predeter- 
mined threshold by reducing the period of conduction of 
the device during individual cycles of the radio fre- 
quency output signal. Such alteration in the period of 
conduction is advantageously achieved independently 
of any variation in supply voltage to the radio frequency 
power da^. In practice, the reduction in output power 
is brought about using a single control variable, l.e. the 
peal< output voltage or peal(-to-peak ouQsut voltage, 
independently of supply voltage and independently of 
the delivered output power which varies according to 
the load Impedance and the supply voltage. Thus, trig- 
gering of a power reduction occurs at the same preset 
output vottage threshold but at different output power 
and toad impedance values, according to dicum- 
stances. 

[0008] As an adjunct to direct control of the radio 
frequency output stage, the means for causing a reduc- 
tion In output power may include a further control line 
which is coupled to the power supply means, the control 
drcuitry being anBnged such that a second power 
reduction signal Is fed to the power supply means to 
effect a reduction in the average power supply voltage 
suppfied to the output stage. Typically, the rate of reduc- 
tion of power due to lowering of the power supply volt- 
age is comparatively slow, but the combination of two 
means of control can produce a larger range of availa- 
ble output power levels. 

[0QO9] Thus, aocording to a second aspect of the 
Invention, there is provided an electrosurgical generator 
for supplying power to an electrosurgical instrument, the 
generator comprising a radio frequency output stage 
Including a radio frequency power device and having at 
least a pair of electrosurgical output connections for 
delivery of radio frequency power Id the instrument, a 
power supply coupled to the output stage, and control 
circuitry including sensing means for deriving a sensing 
signal representative of the load impedance across the 
output connections, the control circuitry having a first 
output coupled to the power device to reduce the radio 
frequency duty cycle thereof and a second output cou- 
pled to the power supply to effect a reduction In the 
average power supply voltage supplied to the output 
stage, the said reductions occunring in response to the 
sensing signal reaching a predetermined threshold 
value. 

[001 0] in the case of the power supply means being 
a switched mode power supply having output smoothing 
components, the supply circuit may be anmged such 



that the second power reduction control signal has the 
effect of disabling the supply circuit, e.g. by gating the 
pulsed output Accordingly, a high-speed control 
response is obtained with the supply voltage felling rel- 
athrely slowly after the initial step power reduction to 
enable the radio frequency duty cycle of the power 
device to be increased again, thereby allowing further 
high-speed power reductions if necessary. 
[0011] ' The technique of drectly controfling the 
radio frequency output stage can be performed tsy 
repeatedly producing, firstly, a rapid reduction in the 
cyde-by-cycle conduction period of the power device 
from a peak level to a trough level when the output 
threshold is reached, followed by, secondly, a progres- 
sive increase in the conduction period until the conduc- 
tion period again reaches its peak level, the fadio 
frequency output voltage being monitored during the 
progressive Increase. This rapkl reduction and progres- 
sive increase sequence may be repeated until the peak 
conduction period level can be reached without the out- 
put voltage exceeding the output threshold due to the 
supply voltage; from the switched mode power supply 
haling fallen sufficiently since it was disabled. Re-ena- 
bllng of the supply circuit typically occurs after a delay, 
and conveniently at the end of the first sw^hed mode 
switching cycle in whk:h the output voltage has not 
reached the threshold for the whole of the switching 
cycle. 

[0012] The output stage preferably includes an out- 
put resonant circuit having a Q whkHi Is sufficientty high 
to remove switching noise from the switching devkre or 
devices of the stage without unduly slowing the 
response to the output voltage reaching the predeter- 
mined threshold. Typically, the Q is sufficient to achieve 
a crest factor below 1 .5, the crest factor being the ratb 
of the peak and r m.s. values of Uie output voltage wave- 
form. 

[0013] Other aspects of the invention include a gen- 
erator for undenwater electrosui^ery having an output 
onpedance in the range of from 100 ohms to 250 ohms, 
and preferably between 130 and 190 ohms. Such a gen- 
erator has its radio frequency output stage operable to 
produce a CW (continuous wave) output, i.e. with a 
100% duty cyde or without on/off pulse width modula- 
tion at a frequency lower than the r.f. oscillation fre- 
quency. In effect, the output stage may operate as an 
open loop stage with a power/load impedance charac- 
teristic having a peak (preferably a single pealc) at about 
150 to 160 ohms and with the curve decreasing contin- 
uously with decreasing impedance below the peak and 
increasing impedance above the peak. 
[0014] The invention may also Include an electro- 
surgical generator for supplying radio frequency power 
to an electrosurgical instrument for operation In an elec- 
trically conductive fluid medium, the generator compris- 
ing a radio frequency output stage having a radio 
frequency power device and at least a pair of electrosur- 
gical output connections for the delivery of radio fre- 
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quency power to electrodes, power supply means 
coupled to the output stage, and control circuitry induch 
ing sensing means for deriving a sensing signal repre- 
sentative of the radio frequency output voltage 
developed across the output connections, and means $ 
responsive to the sensing signal for causing a reduction 
in delivered output power when the sensing signet Is 
Indicative of a predetermined output voltage threshold 
having been reached, wherein the control drcuitry is 
arranged such that the reduction in output power Is lo 
effected by reducing the period of conduction of the 
device during individual cycles of radio frequency csdl- 
latiOR. preferably ind^ndently of the supply voltage to 
the device. 

[001 5] According to another aspect of the invention, is 
an electrosuiiglcal generator for supplying electrosurgi- 
cal power to an electrosurglcal instrument comprises a 
radio frequency output stage having at least a pair of 
etectrosurgical output connections for the delivery of 
radio frequency power to the Instrument, means cou- 20 
pled to the output stage for suj^lying power to the out- 
put stage, and control circuitry Including sensing means 
for deriving a sensing signal representative of the ratfio 
frequency oi^ut voltage developed across the output 
connections and means responsive to the sensing sig- 2s 
nal fbr causing at least a 50% reduction In delivered out- 
put power when the sensing signal is indicaUve of a 
predetermined output voltage threshold having been 
reached, the said reduction being effected within a 
period of 20ms or less. 30 
[0016] The Invention also Includes an electrosurgi* 
cal system induding a generator for generating radio 
frequency power and an eiectrosurglcal ftistrument hav- 
ing at least one electrode foruse immersed in a conduc- 
twe liquid, wherein the generator comprises an output as 
stage including a radio frequency power device and at 
least a pair of output connections arranged to receive 
radio frequency power from the power device, one of the 
pair of connections being connected to the said elec- 
trode, and wherein the generator further comprises a 40 
control stage operates to reduce the conduction time of 
the power device during individual racfio frequency 
cycles in response to a sensing signal {preferably the 
peak output voltage) representative of the load Imped- 
ance presented to the generator across the output con- 45 
nections exceeding a predetermined sensing signal 
threshold value, whereby the radio frequency power 
delivered to the electrode structure Is rapidly reduced 
when the conductive liquid Is vaporised. The electrode 
structure may include a distal treatment electrode and a so 
liquid contact electrode spaced proximally from the dis- 
tal electrode, both electrodes being for use surrounded 
by the conductive liquid and each being connected to a 
reqjectlve one of the pair of output connections the con- 
trol stage being operable to reduce the reduction time of 55 
the power device when the conductive liquid at the distal 
electrode Is vaporised. The eiectrosurglcal instrument 
may provide an electrode structure having juxtaposed 



first and second electrodes for tnnmersion In the conduc- 
tive liquid, the first and second electrodes respectively 
fonmlng a tissue contact electrode at an extreme distal 
end of the instrument and a return electrode prtxximally 
spaced from the tissue contact electrode. 
[00171 According to yet another aspect of the Inven- 
tion, there is provided an electrosurgicat system opera- 
bte in at least a tissue desiccation mode and a tissue 
cutting or vaporisation mode comprising a generator for 
generating racfio frequency power and an eiectrosurgl- 
cal instrument coupled to the generator, the instrument 
having an electrode structure for operation Immersed in 
a conductive liquid, wherein the generator includes a 
mode selection control and has power control ciicultry 
for automatically adjusting the radto frequency power 
suppled to the electrode structure to Rmlt the peak gen- 
erator output voftage to a first value when the desicca- 
tion mode is selected and to at least one second value 
when the cutting or vaporisation mode is selected, the 
second value or values being higher than the first value. 
The first and second values are advantageously in the 
ranges of from 150V to 200V. and from 2S0V to 600V 
respectively, these voltages being peak voltages. 
From a method aspect, the invention provides a method 
of operating an eiectrosurglcal system having at least a 
tissue desiccation mode and a tissue cutting or vapori- 
sation mode, the system having a radio frequency 
power generator coupled to an electrode assembly hav- 
ing an electrode for operation in a conductive liquid, 
wherein the method oonr^ses: selecting one of the 
said modes; when the desiccation mode is selected, 
automatically acQusting the radio frequency power sup- 
plied to the electrode assembly to maintain the conduc- 
tive liquid adjacent the electrode at its boiling point for 
tissue desiccation without creating a vapour poclcet sur- 
rounding the electrode; and when the cutting or vapori- 
sation mode is selected, automatically adjustlr^ the 
radio frequency power supplied to the electrode to 
maintain a vapour pocl«t surrounding the electrode. In 
the cutting or vaporisation mode the radio frequency 
power supply to the electrode may be automatically lim- 
ited to prevent electrode overheating or eroston. The 
racfio frequency power supply to the electrode may be 
automatically adjusted by limiting the output voltage to 
predetermined first and second voltage values, the flist 
voltage value being used In the desiccation mode and 
the second voltage value, whfeh is higher than the first 
voltage value, being used In the cutt^g or vaporisation 
mode. 

[0018] The invention also provides a method of 
operating an eiectrosurglcal system which has a gener- 
ator coupled to an electrode assembly having an elec- 
trode for operation in a conductive liquid, wherein the 
method comprises applying radio frequency power to 
the electrode, monitoring an electrical signal related to 
the load impedance presented to the generator, and 
reducing the applied power when the said signal 
reaches a predetennlned threshold value associated 
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with an Increased toad fmpedance, whereby only suffi- 
cient radio frequency power is applied to the electrode 
to maintain the liquid adjacent the electrode at its boiling 
point for tissue desiccation without crea&ig a vapour 
pocket surrounding the electrode. 
[0019] The predetennlned threshold is advanta- 
geously representative of pealc output voltage at the 
generator output connections. 
[0020] The invention further provides an electrosur- 
gical generator for supplying power to an electrosurgicat 
instrument, the generator coniprising a radio frequency 
output stage having a radio frequency switching device 
and a pair of electrosurgical output connections for 
delivering power to the Instrument, and control circuitry 
including sensing means for deriving and sensing signal 
representative of the radb frequency pealc output volt- 
age developed across the output connections, wherein 
the control circuitry has an output coupled to the switch* 
ing device and is operable to reduce the duty cyde of 
the switching device In response to the peak output volt- 
age reaching a predetennlned threshold value thereby 
to reduce the power delivered to the instrument Prefer- 
ably the controf circuitry is operable to effect a control 
overshoot In that the output power Is reduced by at least 
S0% within lOOps of the threshold having been 
reached. The sensing signal is representative of peak 
output voltage largely independently of the ou^ut wave- 
form crest factor and the control circuitry includes no 
elements (such as averaging circuitry) in the feedback 
loop to the switching device which cause a signal delay 
of greater than lOOps. 

[0021] The invention will now be described by way 
of example with reference to the drawings In whlch:- 

Figure 1 is a diagram showing an electrosur^cal 
system in accordance with the invention; 

Figure 2 is a fragmentary view of a first electrode 
assembly for tissue desiccation, shown In use and 
immersed In a conducth/e Squid; 

Figure 3 is a toad characteristic graph illustrating 
the variation in load impedance produced by an 
electrode assembly such as that shown in Rgure 2 
when used in a conductive liquid, according to the 
delivered output power, 

Figure 4 is a fragmentary view of a second elec- 
trode assembly for tissue vaporisation, shown in 
use immersed In a liquid; 

Figure 5 is a block diagram of a generator in 
accordance with the invention; 

Rgure 6 Is a biocic diagram of part of the control cir- 
cuity of the generator of Rgure 5; 

Figure 7 is a wavefonm diagram showing a typical 



RF output voltage variation pattern obtained with 
the generator of Rgures 5 to 7, the voltage being 
shown varying with time according to variations in 
load Innpedance and generator output stage supply 
5 voltage; 

Figure 8 is a circuit diagram of part of the generator 
of Rgures 5 and 6; 

10 Hgure 9 is a graph showing the variation of output 
power produced by the generator as a function of 
the load impedance presented to it tsy the electrode 
assembly, the output power variation being shown 
In two operation modes of the generator; and 

15 

Rgure 10 Is a graph showing the variation of output 
power for generator as a function of load imped- 
ance after modification of the generator character- 
isttes in response to output voltage sensing. 

20 

[0022] Historically, underwater electrosurgery has 
been the most demanding electrosurgical application in 
terms of instrument engineering. The reason for this is 
that the electrosurgical power requirement is very high, 

25 specStoally because it is necessary to create arcs for 
cutting and tissue disruption in circumstances in which 
power is dissipated quickly by the surrounding liquid. 
Consequently, high currents are used to ensure vapori- 
sation of liquid surrounding the electrode. Power levels 

30 up to 300 watts are commonly used. Conventionally, 
undenvater electrosurgery is performed using a non- 
conductive fluid or irrigent to eliminate etectrical con- 
duction losses. Glycine, which Is commonly used, has 
the disadvantage that in the course of an operation. 

35 veins may became severed and Irrigant may be infused 
Into the circulation. This akssorption causes among 
other things a dilution of serum sodium which can lead 
to a conditbn known as water intoxtoation. 
[0023] Accordingly, the applicants propose use of a 

40 conductive liquid medium such as normal saline, elec- 
trosurgery being performed with using a system com- 
prising a genemtor and an instrument, the instrument 
having a dual-electrode structure with the saline acting 
as a conductor between the tissue being treated and 

4s one of the electrodes, hereinafter called the 'return 
electrode'. The other electrode Is applied directly to the 
tissue. This other electrode is hereinafter called the 
'active electrode'. 

[0024] Such a system Is shown in Figure 1. The 
so generator 1 0 has an output socket 1 0S providing a radio 
frequency (RF) output for an instrument in the fomn of a 
handpiece 12 via a connection cord 14. Activation of the 
generator may be performed from the handpiece 12 via 
a control connection In cord 14 or by means of a foots- 
55 witch unit 16, as shown, connected separately to the 
rear of the generator 10 by a footswitch connection cord 
18. In the illustrated embodiment, footsvritch unit 16 has 
two footswitches 16A and 16B for selecting a desicca- 
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tton mode and a vaporisation mode of the generator 
respectively. The generator front panel has push but- 
tons 20 and 22 for respectively setting desiccation and 
vaporisation power levais, which am incficated In a tSto- 
play 24» Push buttons 26 are proved as an alternative 5 
means lor selectbn between desiccation and vaporisa- 
tion modes. 

[0025] Handpiece 12 mounts a detachable elec- 
trode assembly 28 having a dual electrode structure, as 
^K>wn In the fragmentaiy view of Figure 2. to 
[0026] Rgure 2 is an enlatiged view of the distal end 
of electrode assennbly 28. At its extreme distal end the 
assembly has an aclivB electrode 30 which, In this 
embodiment, is formed as a series of metal filaments 
connected to a central conductor 32. The filaments may 15 
be made of stainless steel. Proximaily of the acth/e elec- 
trode 30 and spaced from the tatter by a longitudinally 
and radially extending insulator 34 is a return electrode 
36. The return electrode 36 is ananged coaxiatty 
around the inner conductor 32 as a sleeve 38 which 20 
extends as a tubular shaft 40 to the proximal end of trie 
assembly 28 where it is connected in the handpiece 12 
to conductofs in the connection cord 14. Simitariy« the 
inner conductor 32 extends to the handpiece and Is con- 
nected to a conductor in cord 14. The electrode assem- 25 
biy 28 has an insuiatfng sheath 42 which covers shaft 40 
and tenminaies projdmally of the insulator 34 to leave 
the distal end of shaft 40 ej^osed as the return elec- 
trode 36. 

[0027] In operation as a desiccation instrument, the 30 
electrode assembly 28 is applied as shown in Figure 2 
to the tissue 44 to be treated, the operation site being 
Immersed in a nomial saline (0.9%w/v) solution, here 
shown as a drop 46 of liquid sun^undlng the distal end 
portion of the electrode assembly 28. The iiquid 35 
immerses both the acth« ele^de 30 and the return 
electrode 36. 

[0028] Still referring again to Figure 2, the metallic 
filaments forming the acth/e electrode 30 are all electri- 
cally connected together and to the Inner conductor 32 40 
of the electrode assembly to form a unitary actwe elec- 
trode, insulator 34 is an Insulating sleeve, the distal end 
portion of which is exposed proximaily of the exposed 
part of the active electrode 30. Typically, this sleeve Is 
made of a ceramic material to resist damage from arc- 45 
ing. The return electrode terminates at a point short of 
the end of the insulator 36 so that it ia both radially and 
axialty spaced from the active, or tissue contact, elec- 
trode 30. The surface area of the retum electrode Is 
considerably greater than that of the active electrode so 
30. At the distal end of the electrode assembly, the 
diameter of the return electrode is typically in the region 
of from 1 mm to 3mm. with the longitudinal extent of the 
exposed part of the retum electrode being typically 
between 1mm and 5mm with the longitudinal spacing 55 
from the active electrode being between 1mm and 
5mm. 

[0029J In effect, the electrode assembly is bipolar. 



with only one of the electrodes (30) actual extending 
to the distal end of the unit This means that the retum 
electrode. In nonmal drcunistances, remains spaced 
from the tissue being treated and a cun-ent path exists 
between the two electrodes via the tissue and the con- 
ductive nquid which is In contact with the return elec- 
trode 36. 

[0030] The condiKnh^e liquid 46 may be regarxied, 
as far as the delivery of bipolar electrosurgical energy is 
concemed. as a low Impedance extension of the tissue. 
Radio frequency currents produced by the generator 10 
flow between the active electrode 30 and the retum 
electrode 35 via the tissue 44 and the Immersing con- 
ductive iiquid 46. The particular electrode annangement 
shown in Rgure 2 is most suitable for tissue desiccation. 
[0031] The axial as well as radial separation 
behween the electrodes avoids the small spacing of the 
conventional bipolar arrangement in which both elec- 
trodes are tissue-contacyng. As a result, there is less 
danger of unwanted arcing across the insulation sir- 
face, which allows comparatively high power diss^tion 
for desiccation treatment and, In tiie case of tissue cut- 
ting or vaporisation, prevents excessh^e arcing which 
can lead to inter*efectrode Insulation damage. 
[0032] The immersing saline solution may be pro- 
vided from a conduit (not shown) fonming part of tfie 
instrument 12. Thus, the Invention may take the form of 
an electrosurgical system for the treatment of tissue 
immersed In a conductive fluid medium, comprising an 
electrosuiglcal Instrument having a handpiece and an 
instrument shaft, and, on ttie end of the shaft, an elec- 
trode assembly, tfie assembly comprising a tissue con- 
tact electrode which Is exposed at the extreme distal 
end of the instrument, and a rehjrn electrode which Is 
electrically Insulated from the tissue contact electrode 
and has a fluid contact surface spaced proximaily from 
the exposed part of the tissue contact electrode, tfie 
system further comprising a radio frequency generator 
coupled to tfie electrode assembly of the instmment, a 
resenwlr of electrically conductive fluid, such as the nor- 
mal saline solution, and a conduit, typically and Integral 
part of an endoscope, for delivering the liquid from ttie 
resenfoir to the region of tfie electrode assembly. Pres- 
sure for delivering tfie liquid may be provided by a pump 
fonning part of the apparatus. 
[0033] Since in this embodiment of electrode 
assembly 28, the active electrode 30 Is made of stain- 
less steel filaments In ttie fomi of a brush, the electrode 
Is flexible, providing a reproducible tissue effect which is 
comparatively independent of ttie application angle of 
tfie electrode to tfie tissue surface. The flexibility of tfie 
electrode 30 also results In a differential contact area of 
tfie active electrode dependent on ttie applied pressure, 
allowing variations In ttie breadtii of desiccation over ttie 
surface of the tissue, reducing procedure time. 
Desiccation occurs by virtue of radio frequency currents 
passing between the active electrode 30 and tfie con- 
ductive liquid 46 via ttie outer layer of the tissue 44 
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Immedlateiy beneath and in an area surrounding the 
active electrode 30. The output impedance of the gener- 
ator Is set at a level commensurate with the load Imped- 
ance of the electrode assembly when used as shofwn in 
Rgure 2 with both electrodes In contact with the con- 
ductive liquid 46. In order to sustain this matched state 
for tissue desiccation, the ou^ut power of the generator 
is automatically controlled in a manner which win be 
described below so that vapour bubbles of signiftcant ' 
size are substantiaily prevented from appearing at the 
active electrode 30» thereby avoiding a consequent 
increase in load impedance. In this way. the active elec- 
trode can be continually wetted by the conductive liquid 
so that, whilst the tissue water is removed by thenmal 
desiccation, the impedance reaches an upper limit cor- 
responding to the point at which the conductive liquid 
starts to boil. As a result, the system is able to deliver 
high power levels for desiccation without unwanted con- 
ductive Qquld vaporisation leading to unwanted tissue 
effects. 

[0034] The electrical behaviour of the electrode 
assembly when the electrodes 30 and 36 are immersed 
In the conductive fiquid 46 is now considered with refer- 
ence to the graph of Rgure 3. 
[003S] When power is first applied, there is pre- 
sented to the generator an Initial load impedance r 
which is governed by the geometry of the electrode and 
tlie electrical conductivity of the conductive liquid. The 
value of r changes when the acthre electrode touches 
the tissue. The higher the value of r. the greater Is the 
propensity of the conductive liquid to vaporise. As 
power is dissipated in the tissue and the conducthre liq- 
uid, the conductive liquid Increases in temperature. In 
the case of nonnai saline, the temperature coefficient of 
conductivity is posith^e and the corresponding imped- 
ance coeffident is therefore negath/e so that the imped- 
ance initially falls. Thus, the curve in Figure 3 Indicates 
a M in load impedance as the delivered power is 
increased, the impedance falling through point A to a 
minimum at point B. at which point saline tn immediate 
contact with the electrode reaches boiling point Small 
vapour bubbles now form on the surface of the active 
electrode and the impedance starts to rise as shown by 
the cun^e rising from point B to point C. Thus, once the 
boiling point has been reached, the antingement dis- 
plays a dominant positive power coefficient of imped- 
ance. 

[0036] As the vapour buttles fonn. there is an 
Increase In the power density at the remaining active 
electrode to saline internee (the exposed area of the 
active electrode not covered by vapour bubbles) which 
further stresses the Interface, producing more vapour 
bubbles and thus even higher power density. This Is a 
runaway condition, with an equilibrium point only occur- 
ring once the electrode is completely enveloped in 
vapour. Thus, for a given set of variables, there is a 
power threshold con^sponding to point C at which this 
new equiRbrlum Is reached. 



[0037] I n the light of the foregoing, it wilt be appreci- 
ated that the region between points B and C In Figure 3 
represents the upper limit of desiccation power which 
can be achieved. 

5 [0038] Upon formation of an electrode-enveloping 
vapour pocket, the impedance elevates to about 1 kO, as 
shown by point D in Figure 3. the actual impedance 
value depending on a number of system variables. The 
vapour is then sustained by discharges across the. 

10 pocket between the acthre electrode and the 
vapouf/saline interface. 

[0039] This state of affairs is illustrated by the dia- 
gram of Figure 4 which shows an a^emative electrode 
assembly 28A having a hemispherical or bail electrode 

IS 30A in place of the brush electrode 30 of the embodi- 
ment of Figure 2. As before, the return etectrode 36A Is 
prox'imally spaced from the active electrode 30A by an 
intervening insulator 34A. The baO electrode is pre- 
fen'ed for tissue vaporisation. 

20 [0040] Once in the vaporisation equil&rium state, 
the vapour pocket, shown by the reference 50 in Figure 
4, is sustained by discharges 52 across the vapour 
pocket between the active electrode 30A and the 
vapour to saline interface. The major^ of power dis^- 

25 pation occurs within this pocket with consequent heat- 
ing of the active etectrode. The amount of energy 
dissipation in this conduction is a function of the deliv- 
ered power. It wltl be noted from Rgure 3 that the vapor- 
isation mode, indicated by the dotted boundary fines, 

30 can be sustained at much lower power levels than are 
required to bring about fomnation of the vapour pocket. 
The impedance/power characteristic consequently dis- 
plays hysteresis. Once the vaporisation mode has been 
established, it can be maintained over a comparetiveiy 

35 wide range of power levels, as shown by the inclined 
part of the characteristic extending on both sides of 
point 0. However, faicreasing the delivered output power 
beyond that represented by point D causes a rapid rise 
in electrode temperature, potentially damaging the elec- 

40 trode. To collapse the vapour pock^ and to return to 
desiccation mode requires a significant power reduction 
bacl< to point A. direct contact between the acth^e elec- 
trode and the saline being reestablished and the imped- 
ance falling dramatically. The power density at ttie 

4$ active electrode also falls so that the temperature of the 
saline now falls below boiling point and the electrode is 
then once again in a stable desiccation equilibrium. 
[0041] The generator to be described hereinafter 
has the ability to sustain both the desiccation mode and 

so the vaporisation mode. Whilst in general the electrode 
assemblies illustrated In Rgures 2 and 4 can be used In 
either mode, the brush electrode of Figure 2 Is preferred 
for desiccation due to its vwde potential area of cover- 
age, and the ball electrode of Figure 4 is preferred for 

55 vaporisation due to its small active electrode/return 
electrode surface area ratio. As can be seen from Fig- 
ure 4. tissue vaporisation occurs when the vapour 
pocket 50 intersects the tissue surface, with the elec- 
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trode assembly preferably being held spaced above the 
tissue surface by a smaO distance (typically Innm to 
Snrun). 

[0042] The runaway concfitlon which occurs when 
the deflveied power reaches the level shown by point C s 
In Rgure 3 is exaceitated if the generator has a signin- 
cant output impedance, because the output voltage can 
then suddenly rise. With Increased power dissipation 
and without the presence of the cooling fiquid around 
the active electrode 30. the electrode temperature rises lo 
rapidly with consequent damage to the electrode. This 
also produces uncontrQllable tissue disruption in place 
of the required desiccation. For this reason, the pre- 
ferred generator has an output source Impedance 
which, approximately at least matches the toad tmped- is 
ance of the electrode structure when wetted. 
[0043] The preferred generator now to be descried 
allows both desiccation electrosurgery substantially 
without unwanted cell disruption, and etectrosurglcal 
cutting or vaporisation substantially without electrode 20 
burning. Although intended primarily for operation in a 
conductive liquid distension medium, it has appDcaUon 
in other electrosurgteal procedures. e.g. In the presence 
of a gaseous cfistenslon mecfium, or wherever rapid load 
Impedance changes can occur. 25 
[0044] Refening to Rgure 5. the generator com- 
prises a radio frequency (RF) power oscillator 60 having 
a pair of output connections 60C for coupling via output 
terminals 62 to the load impedance 64 represented by 
the elecdrode assembly when In use. Power is suf^lied ao 
to the osdilator 60 by a switched mode power supply 
66. 

[0045] in the prefenfed embodiment, the RF oscilla- 
tor 60 operates at about 400 kHz, with any frequency 
from 300 kHz upwards into the HF range being feasible, as 
The switched mode power supply typically operates at a 
frequency In the range of from 25 to 60 kHz. Coupled 
across the output connections 60C is a voltage thresh- 
old detector 68 having a first output 68A coupled to the 
switched mode power supply 16 and a second output 40 
66B coupled to an *on* time control ctrcurt 70. A micro- 
processor controller 72 coupled to the operator controls 
and display (shown in Rgure 1), is connected to a con- 
trol input 66A of the power supply 66 for adjusting the 
generator output power by supply voltage variation and 4s 
to a threshold-set input 68C of the voltage threshold 
detector 68 for setting peak RF output voltage limits. 
[0046] In operation, the microprocessor controller 
72 causes power to be appfied to the switched mode 
power supply 66 when electrosurgical power is so 
demanded by the surgeon operating an activation 
switch arrangement which may be provided on a hand- 
piece or footswitch (see Figure 1). A constant output 
voltage threshold is set Independently of the supply volt- 
age via input 68C according to control settings on the ss 
front panel of the generator (see Figure 1). Typteally, for 
desiccation or coagulation the threshold Is set at a des- 
iccation threshold value between 150 volts and 200 



volts. When a cutting or vaporisation output Is requlretf. 
the threshokl Is set to a value In the range of from 2S0 
or 300 volts to 600 volts. These voltage values are peak 
values. Their being peak values means that for desicca- 
tion at least It Is preferable to have an output RF wave- 
fonm of low crest factor to give maximum power before 
the voltage Is clamped at me values given. Typteally a 
aest factor of 1 5 or less Is achieved. 
[0047] When the generator is firat activated, the sta- 
tus of the control input 601 of the RF oscillator 60 (whteh 
is connected to the 'on* time control circuit 70) is 'on', 
such that the power switching devfee which fonms the 
oscillating element of the osciliator 60 is switched on for 
a ma)dmum conduction period during each oscilatlon 
cycle. The power defivered to the load 64 depends 
partly on the supply voltage appHed to the RF osciliator 
60 from the switched mode power supply 66 and partly 
on the load hnpedance 64. If the supply voltage is suffi- 
ciently high, the temperature of the liquid medium sur- 
rounding the electrodes of the electrosivgical 
instrument (or within a gaseous medium, the tempera- 
tiire of Ikjuids contained within the tissue) may rise to 
such an extent that the liquid medum vaporises, leading 
to a rapid increase In load impedance and a consequent 
rapid increase In the applied output voltage across ter- 
minals 12. This Is an undesirable state of affairs if a des* 
iccation output is required. For this reason, the voltage 
threshold for a desiccation output Is set to cause trigger 
signals to be sent to the 'on* time control circuit 70 and 
to the switched mode power supply 66 when the thresii- 
okj is reached. The 'on^ time control cjrouit 70 has the 
effect of virtually instantaneously reducing the 'on' time 
of the RF oscillator switching device. Simultaneously, 
the switched mode power supply is disabled so that the 
voltage supplied to oscillator 60 begins to fall. 
[0048] Subsequent control of the 'on* time of Indi- 
vidual cycles of the oscillator 60 will be understood by 
considering the internal configuratkm of the 'on' thte 
control circuit 70 whteh is shown in Figure 6. The circuit 
comprises an RF sawtooth generator 74 (synchronised 
at the RF oscillation frequency l>y a synchronisation sig- 
nal derived from the oscillator and applied to a synchro- 
nisation Input 741). and a ramp generator 76 whteh is 
reset by a reset pulse from the output 68B of the voltage 
thieshokJ detector 68 (see Rgure 5) produced when the 
set threshold voltage Is reached. This reset pulse Is the 
trigger signal referred to above. The "on" time control 
circuit 70 further comprises a comparator 78 for com- 
paring the sawtooth end ramp voltages produced by the 
sawtooth and ramp generatore 74 and 76 to yield a 
square wave control signal for application to the input 
601 of the RF oscillator 60. As shown by the waveform 
dtegrams in Rgure 6, the nature of the sawtooth and 
ramp waveforms is such that the mark-to-space ratio of 
the square wave signal applied to the oscillator 60 pro- 
gressively Increases after each reset pulse. As a result, 
after a virtually instantaneous reduction in 'on' time on 
detection of the output voltage reaching the set voltage 
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threshold, the ''on" time of the RF oscillator Is progres- 
sively increased back to the original maximum value. 
This cycle is repeated until the supply voltage (or the 
oscillator from power supply 66 (Figure 5) has reduced 
to a level at whtoh the oscillator can operate with the 
maximum conduction period without the output voltage 
breaching the set voltage threshold as sensed by the 
detector 68. 

[0049] The output voltage of the generator is impor- 
tant to the mode of operation. In fact, the output modes 
are d^ned purely by output voltage, specificaity the 
peak output voltage. The absolute measure of output 
voltage is only necessary for multiple tenn control. How- 
even a simple single term control (i.e. using one control 
variable) can be used in this generator in order to con- 
fine the output voltage to predetermined Smft voltages. 
Thus» the voltage thre^old detector 68 shown in Figure 
5 compares the RF peak output voltage with a preset 
DC threshold level, and has a suffldentty fiast response 
time to produce a reset pulse for the ^'on" time control 
circuit 70 within one RF half cycle. 
[0050] Before considering the operation of the gen- 
erator fur^er» it is appropriate to refer back to the 
impectence/power characteristic of Rgure 3. It will be 
appreciated that the most critical control threshold is 
that applicable during desiccation. Since vapour bub- 
bles forming at the active electrode are non-conducting, 
the saline remaining in contact with the electrode has a 
higher power density and consequently an even greater 
propertsity to fonm vapcmr. This degree of instabllfty 
brings about a transition to a vaporisation mode with the 
same power level due to the runaway increase In power 
density at the active electrode. As a result, the imped- 
ance local to the active electrode rises. Maximum 
absoitsed power coincides with the electrode condition 
existing immediately before formation of vapour bub- 
bles, since this coincides with maximum power distribu- 
tion and the greatest wetted electrode area It is 
therefore desirable that the electrode remains in its wet- 
ted state for the maxlrruim desiccation power. Use of 
voltage limit detection brin^ about a power reduction 
which allows the vapour tujbbles to collapse whteh in 
turn increases the ability of the active electrode to 
absoit) power. For this reason, the generator described 
In this speclfkstion includes a control loop having a 
large overshoot, in that the feedback stimulus of the 
peak voltage reaching the predefined threshold causes 
a large Instantaneous reduction in power by causing a 
reduction in peak output voltage to a level significantly 
below the peak output voltage level set by the threshold 
detector 68. This control overshoot ensures a return to 
the required wetted state. 

[0051] In the generator described above with refer- 
ence to Rgures 5 and 6, power reduction in response to 
voltage threshold detection takes place In two ways:- 

(a) an instantaneous reduction in RF energy sup- 
plied to the resonant output circuit of the osciOator, 



and 

(b) a shut down of DC power to the oscillator for one 
or more complete cycles of the switched mode 
5 power supply (i*a. lypteally for a nr^nimum period of 
20 to 40 lis). 

[0052] In the preferred embodiment, the Instantane- 
ous power reduction is by at least three quarters of 

to available power (or at least half voltage) from the DC 
power supply, but continuous voltage threshoM feed- 
back continualiy causes a reduction In delivered power 
from the DC power supply. Thus, a high speed response 
is obtained in the RF stage Itself, with the DC supply 

75 voltage tracking the reduction to enable the RF stage to 
return to a full duty cyde or mari(-to-space ratio, thereby 
enabling further rapid power reductions when the volt- 
age threshold Is again breached. 
[0053] The effect of this process on the RF output 

20 voltage Is shown in the waveform diagram of Rgure 7. 
containing traces representative of the output voltage, 
the oscillator supply voltage, and the load Impedance 
during a typical de8kx:ation episode over a 1ms period. 
[0054] Starting on the lefthand skte of the diagram 

25 with the supply voltage approxinnately constant, the out- 
put voltage increases with increasing load Impedance to 
a point at which the output voltage threshold is reached, 
whereupon the above-described instantaneous reduc- 
tion in oscillator "on** time occurs This produces a rapid 

30 decrease in the RF output voltage, as shown, followed 
by a progressive increase, again as described above. 
When the output voltage reaches the threshold voltage, 
the voltage threshold detector 68 (shown in Figure 5) 
also disables the power supply, leading to a gradual 

05 decrease In the supply voltage. As a result, when the 
"on" time of the oscillator devtee has once again 
reached Its maximum value, illustmted by point a In Rg- 
ure 7, the threshoM voltage has not been reached. 
However, the load impedance begins rising again, caus- 

40 ing a further, albeit slower, increase in the output volt- 
age until, once again, the threshold voltage is reached 
(point b). Once more, the "on" time of the osdilator Is 
instantly reduced and then progressively increased, so 
that the output voltage wavefomi repeats its previous 

4s pattern. Yet again, the threshold voltage is reached, 
again the output voltage Is Instantly reduced (at point c), 
and again the "on° time is allowed to increase. On this 
occasion, however, due to the supply voltage having fur- 
ther reduced (the power supply still being disabled), the 

50 output voltage does not reach the threshold level (at 
point d) until a considerably longer time period has 
elapsed. Indeed, the length of the period Is such that the 
output voltage has failed to reach the threshold voltage 
over a complete switching cycle of the power supply, so 

55 that it has in the meantime been enabled (at point e). 
[0055] During this period the power supplied to the 
electrode has been sufficient to further increase the 
load bnpedance. The erratic impedance behaviour is 
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typical of the commencement of vapour formatloa Con- 
sequently, when the threshold voltage is next reached 
(at point e)» several successive cycles of 'on* time 
reduction and increase occunring one after the ^er are 
required (see /) conr^ned with a further dlsabOng (see $ 
g) of the power supply in order to maintain the voltage 
below the threshold. 

[0056] It wlli be seen, then, that the control circuitry 
70, 72 (Rgure 5) operates dynamically to control the 
output voltage both sufficiently rapidly and to a suffident w 
degree to maintain the voltage at a level consistent with. 
In this case, the level required tor desiccation without 
tissue disnjption due to arcing. TTie same technique can 
be used with a different threshold voltage to limit the 
output voltage to prevent electrode burning and/or w 
excessive tissue vaporisation. In the latter case, the 
voltage limit may be set to a level between 250 volts 
(preferably 300 volts) and 600 volts. 
[0057] Due to the high power density at the active 
electrode during the vaporisation mode, the great 20 
majority of delivered power is dissipated In the proximity 
of the electrode. In the vaporisation mode. It is desirable 
that a minimum of saline heating occurs, but that ar^ tts* 
sue which encroaches the vapour boundary of the 
active electrode is vaporised. In the vaporisation mode, 2$ 
the vapour Is sustained by arcs within the vapour pocket 
as described above with reference to Figure 4. Increas- 
ing the output voltage during vaporisation results in 
increased volume of tissue removal due to the 
increased size of the vapour pocfcet Collapse of the 3o 
vapour pocket during tissue vaporisation has greater 
consequence, due to the increased necrosis as a result 
of ttie greater power dissipation in the sunoundlng 
saline. Vapour pocket collapse can be prevented by, 
firstly, amanging for the electrode impedance in vaporl- 35 
sation mode to be such that Uie instrument is In an 
unmatched condition as regards Impedance, with result 
that the resonant output circuit Q is high and the output 
voltage does not change so rapidly as w^ lower load 
impedances and, secondly, the active electrode has a 4o 
significant heat capadty that sustams the vapour pocket 
for a significant period. 

[0058] An unwanted increased in the size of the 
vapour pocicet can be prevented by limiting the peak 
output voltage during the vaporisation mode, which may 43 
be conveniently carried out by substituting a different 
threshold value for the voltage thre^oki detector 68 
(see Rgure 5) when In the vaporisation mode. 
[0059] THe circuitry of the RF oscillator 60, voltage 
threshold detector 68, and 'on" time control circuit 70 so 
(shown in Rgure 5) in the preferred generator in accord- 
ance with the Invention is shown in Rgure 8. 
[0060] Referring now to Rgure 8. the RF oscillator 
comprises a IGBT (insulated gate bipolar transistor) 80 
acting as an RF switching device which pumps energy ss 
Into a parallel resonant circuit comprising the primary 
winding 82P of transfonmer82 and a parallel-connected 
resonating capacitor 84. RF power is supplied from the 



transformer secondary winding 828 via Isolating capac- 
itors 86, 88 to RF output terminals 62. Power for the 
osdilator transistor 80 is supplied on a high voltage sup- 
ply Rne 90 whteh is connected to the output of the 
switched mode power supply 66 (shown In Rgure 6). 
Supply line 90 is decoupled by capacitor B2, 
[0061] The oscillator feedback loop runs from the 
resonant primary winding 82P (on the opposite side of 
the winding from the supply line 90) via a phase shift 
network comprfeing capacitor 94, resistor 98, and 
clamping diodes 98, 1 00, and via a field effect transistor 
(FET) 104. the voltage controlled monostable repre- 
sented by comparator 78 and associated components, 
and the driver 108, whteh is connected to the gate of 
transistor 80. 

[0082] The voltage on that side of the primary wind- 
ing 82P vimich Is coupled to U-ansistor 80 is substantially 
sinusoidal and alternates at a frequency defined the 
parallel resonant combination of the winding inductance 
and capacitor 84. lypteally the voftage swing is greater 
than twice the supp^ voltage on supply tine 90, falDng 
betow ground voltage In negative hatf-eycies. 
[0063] The phase-shift networic 94, 96, 98, 1 00 pro- 
vides a positive-going square wave whwh Is 90* phase- 
advanced with respect to the primary voltage. Thus, 
FET 104 Is turned on approximately when the vohage 
on primary winding 82P has just reached Its minknum 
value, and off when it has just reached its maxfcnum 
valua When FET 104 is turned on a timing capacitor is 
rapidly discharged and the output of comparator 78 Is 
turned off. The driver 108 Is non-inverting and conse- 
quently transistor 80 is also turned off at this point It fol- 
lows that the transistor 'off point Is repeatable and has 
a constant phase relattonship with respect to the pri- 
mary voltage by virtue of the feedback path described 
above. The logic of the feedback path is also such that 
the feedback signal fed to the gate connection of tran- 
sistor 80 has a logk: level of M' when the primary volt- 
age Is decreasing (and the potential difference across 
the primaiy winding 82P Is Increasing). The "ofT point 
occurs substantially at a primary voltage peak, i.e. when 
the primary voltage is at its minimum value In the 
present case. 

[0064] Unfike the 'off" point, the "on" point of tran- 
sistor 80 is varkble as will now be described. The 
instant at vi^lch the logte level at the output of compara- 
tor 78 and on the base of device 80 changes to '1* 
depends on the reference voltage applied to the invert- 
ing input 781 of comparator 78. As a result, the delay 
between device 80 switching off and switching on is 
detennined by this comparison of voltage applied to 
input 781 of comparator 7a In other words, an 'on' sig- 
nal to device 80 is delayed with respect to switching off 
by a period whksh is in accordance with the reference 
voltage on the inverting Input. This reference voltage is 
dependent on the voltage spearing across resistor 1 12 
which Is part of a potential dhflder consisting also of 
resistor 1 14 and potentiometer 1 1 6. Potentiometer 1 16 
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sets the minimum switching on delay, corresponding to 
the maximum duty cycle of UBnsistor 80. The voltage 
appearing across resistor 112 Is variat^le and repre- 
sents the control range of "on" time adjustment between 
25% of the maximum duty cycle and 100%. Timing 5 
capacitor 1 1 0 is charged by variable resistor 1 1 8 (preset 
for an appropriate time constant) from a low voltage 
supply line 120. 

[0085] Comparing Rgure 8 with Rgure 6» It will be 
appreciated that the voltage on the non-inverting input to 
78N of comparator 78 has a sawtooth waveform as 
shown In Figure 6, the waveform being produced by the 
repeated triggering of FET 104 and discharging of 
capacitor 110» each discharging being followed by 
charging of a capacitor through resistor 118. is 
[0066} The voltage across restetor 1 12 Is normally 
at a minimum value, and la increased when the RF out- 
put voltage from the generator reaches a predetermined 
peak threshold value. The dicultry whfeh brings about 
this effect will now t>e described. 30 
[0067] Output voltage detection is provided by a 
peak voltage detector coi^ied across the output termi* 
nals of the generator. The detector inchtdes a cs9}acitive 
dlvkler chain 1 22. 1 24 connected across the RF output, 
the tap between the capacitors feeding the primary 25 
winding of an isolating transfonmer 126. Resistors 128 
and 130 connected across the primary and secondary 
windings of transformer 126 respectively provide damp- 
ing to avoid unwanted resonances and to filter high fre- 
quency components which may occur during arcing at 30 
the active electrode. The resulting sensing voltage 
appearing at the secondary winding of tmnsfbnmer 126 
is then fed to two comparators 132 and 134. At this 
' point. It should be appreciated that only the sense volt- 
age half cycles of one polarity (in this case the positive* 3S 
going half cycles) are used for peak output voltage 
threshold detection. 

[0068] . Each comparator 132, 134 has two inputs, 
one connected to the transformer 126 to receive the 
sense voltage, and one connected to a respective refer- 40 
ence voltage Input 136, 138 (labelled CLAMP and 
BOOST In Rgure 8). Reference voltages applied to 
these inputs 1 36, 138 are computer generated set volt- 
age threshokte for the desiccate and vaporisation 
modes respectively. Selection of the iterating mode is <5 
brought about by a control signal (OES/VAP) applied to 
control input 140, and the logic chain comprising gates 
142, 144, 146. and 148. Desiccation mode is set by 
logic level °r at Input 140. In vaporisation mode, logic 
level ^O" on this Input effectively disables the output of $0 
comparator 132 via NOR gate 144, the output threshold 
detection then being fed through NOR gate 146. it will 
therefore be appreciated that the CLAMP voltage 
applied to input 136 Is the reference voltage setting the 
threshold value for the peak output voltage during des- ss 
Iccation, while the BOOST voltage applied to input 138 
sets the threshold value of the peak output voltage In 
the vaporisation mode. 



[0069] . When the output voltage reaches the set 
threshold value (Le. a "limif voltage), tran^or 150 is 
switched on. This transistor Is capable of charging 
capacitor 152 from 1 .5V to 4V in a period of 50ns. The 
base charge of transistor 150 Is sufficient to enlarge 
very narrow pulses from the voltage detectk>n dncuitiy 
and therefore ensures that capacitor 152 attains maxi- 
mum voltage for only marglnly detected limit voltages at 
the RF output. Since the control signal applied to the 
base of transistor 1 50 is not averaged over a plurality of 
cycles, the transtetor switches on and off during every 
cycle of oscOlation of the radio frequency oscillator 
occurring when ttie peak output voltage threshold is 
exceeded. ConsequenUy, the output voltage is moni- 
tored and controlled on a cyde-by-cyde basis. The 
functton of capacitor 152 is to provide progressively 
lower reference voltages for comparator 78 after a nmit 
voltage detection. Thus, the voltage on the emitter of 
transistor 1 50 has a waveform as shown at the output of 
the ramp generator 76 in Rgure 6. In this way, the turn- 
on Instant of device 80 is Instantly retarded when the RF 
output voltage reaches the preset threshold value, and 
is subsequently progressively advanced as the voltage 
across resistor 112 slowly decreases. The discharge 
rate of capadtor 152 is detemnined by the parallel com- 
bination of resistor 1 1 2 &i parallel wtth resistor 1 1 4 plus 
resistor 11 6. 

[0070] Switching energy provided by transistor 80 Is 
converted by a series inductor 154P into a current drive 
into the resonant primary winding 82P. The action of 
series Inductor 154P smoothes energy ln]edbn into the 
resonant output circuit represented by winding 82P and 
capacitor 84 and prevents excessive Initial current 
through transistor 80, and excessive swinging of the 
voltage input to winding 82P above the voltage on sup- 
ply line 90. 

[0071] Under full power conditions, the initial 
switch-on of transistor 80 occurs at an initial resonant 
voltage maximum across the resonant drcult This cre- 
ates a switch-on current zero as the Inductor 164P Is 
completely depleted of energy after each cyde. Cunrent 
in this Inductor rapidly builds up until a point is reached 
at which the voltage on winding 82P becomes negative. 
The Inductor 154P then releases its energy Into this 
reverse bias. The current zero at switch-off Is then guar- 
anteed by a blocking diode 156 which prevents the 
return of energy from the resonant drcuit to the inductor 
154P. 

[0072] When the switch-on time of transistor 80 is 
reduced due to the output voltage reaching the prede- 
termined set threshold, the primary voltage amplitude 
across winding 82P decreases to the extent that the pri- 
mary peak amplitude is less than the supply voltage. In 
particular, the voltage minimum at the end of primary 
winding 62P coupled to transistor 80 no longer swings 
beyond the ground voltage. Energy can now no longer 
be released from inductor 154P back into the resonant 
drcuit. A secondary path for stored energy in indudor 
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154P l9 provided by the fact that this Inductor Is the prf- 
mary winding of a tran^ormer 154 which has a second 
winding 154S coupled via a diode 158 to the supply line 
90. Residual eneigy stored in inductor 154P at switch- 
off causes fonvard biasing of diode 168 through which 5 
the energy is recovered bade Into the supply. This recov- 
ery mechanism pemUts partial resonant primary ampli- 
tude levels without damaging switching transtetor 80 by 
uncoupled energy creating excessive voltage. 
[0073] The relationship between *on' time of tran- w 
sistor 80 and switching energy depends on a number of 
variables such as the initial energy storage of the reso- 
nant circuit d2P, 84, the loading on the output terminals 
62 (wtiich affects the Q of the resonant circuit), and the 
loading as it affects oscillation frequency, which aH affect rs 
the non-linear energy storing rate of Incftictor 164R 
[0074] As has been described above, detection of 
the output voltage reaching a prsdetennined threshold 
value not only causes the duty cycle of the switching 
transistor BO to be instantly reduced, but it also disables so 
the switched mode power supply 66 (shown in Rgure 
5). This disabling effect is produced by feeding a signal 
from the output of the logic chain 142 to 148 via a filter 
160 to remove RF transients to a DISABLE output 68A. 
which Is connected to the switched mode power supply 2s 
66. 

{0075] The generator output impedance is set to 
about 1 60 ohms. The effect of this choice will be evident 
from the following description with reference to Rgures 
9 and 1 0 which are graphs showing the variation of out- x 
put power which can be produced by the generator into 
different load Impedances. 

[0076] flefening to Rgure 9, the power delivered to 
the load is here shown as a function of load impedance 
for two different oscillator supply voltage settings. In 35 
both cases, it will be seen that, to the left of the 
power/impedance peak, an Increase in load impedance 
leads to an increase in output power and, hence, an 
increase in otitpiA voltage. At higher lmpe<tonce$, to the 
right of the peaks, the voltage continues to Increase, 40 
aftieit less aggressively, as impedance increases. 
One of the features of the prefen-ed generator in accord- 
ance with the invention is that the output stage operates 
as an open loop oscillator with an output impedance 
(corresponding to the peaks in Rgure 9) of about 160 45 
ohms. This is considerably lower than the output frnped- 
ance of conventional generators used for undenwater 
eiectrosurgery, and contributes to the abinty to prevent 
runaway arcing behaviour and consequent excessive 
tissue damage and electrode bum-out so 
[0077] It should be understood that for desfccation, 
steam envelope generation at the electrode and arcing 
should be prevented. Convereely, for cutting or vaporl- 
saaon, steam envelope generation and arcing are 
required, but to a level consistent with achieving the ss 
required tissue effect and the avoidance of electrode 
burn-out. Operating points for low and high power des- 
iccation and cuning or vaporisation are shown in Figure 



9. 

[0078] A feature ot the combination of the generator 
In accordance with the Invention and an electrode 
assembly having two adjacent electrodes Is thatthe out- 
put is virtually bistable. When operating in destecation 
mode, the entire electrode surtee is In contact with an 
electrically conductive medium and therefore the load 
impedance is comparatively low, consequently inhiblUng 
the rise In output voltage to a level sufficient for arcing. 
Conversely, when in cutting or tissue vaporisation 
mode, the entire active electrode surface is covered with 
a layer of vapour which is of much higher impedance, 
and the vapour pocket sustained by an^ng wtthln it so 
that nearly ail of the power dissipation occurs within the 
vapour envelope. In order to traverse from a destecatton 
mode to the cutting mode, a high power burst is 
required, hence the positioning of the poweiyioad curve 
peak between the desiccation and cutting operation 
points on the curve. By allowing the output power to 
increase with nnpedance In this way. a Wgh power buret 
of sufficient energy u> craate arcing is achieved despite 
the k5W impedance presented by the electrodes. As the 
supply voltage to the c^cillator is increased, it has a 
greater propensity to flip into the cut mode, whilst at 
lower supply voltage levels, the bistable nature of the 
output, although more pronounced, tends towards the 
desiccation state. 

[0079] The bistable properties arise not only from 
the electrode impedance behaviour, but also from the 
shape of the power/load Impedance cun/e. The flatter 
the load cuwe, the more constant the output power 
across a band of impedances and tha less pronounced 
the effect 

[0080] Referring to Figure 9, it will be appredaled 
that In the cut or tissue vaporisation mode, a power 
equilibrium point is achieved tiy >drtue of the decreasing 
output power as impedance Increases. In the desbca- 
tion mode, the equilibrium is less straightfonfvard, 
because there are two impedance change mecha- 
nisms. The first mechanism Is the heating of the con- 
ductive medium and/or tissue whfch, due its positive 
coefficient of conductivity, results in a falling impedance 
initially, so that when power is first appOed, the operating 
point moves towards the lefthand side of the diagram in 
Rgure 9. Consequently, there is a well-defined equilib- 
rium point defined by the reduction in impedance with 
increasing power supply voltage, and the consequent 
reduction in delivered output power. However, when the 
saline medium or tissue fluids in contact with the atilwe 
electrode start to boll, small water vapour bubbles begin 
to forni which increase the impedance. When the gener- 
ator is about to flip into the cutting mode. Impedance 
rise due to steam formation Is dominant The Imped- 
ance change therefore becomes positive with increas- 
ing supply voltage, and the operating point moves 
towards the righthand side of the diagram, whteh allows 
greater Input power as a result of the shape of the load 
curve, causing a rapkl change to cutting or vaporisation 
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mode. As steam fomiatbn continues to increase, the 
increasing impedance causes a fall-off In dafivered out- 
put power. ■ 

[0081] The applicants have found that the Inherent 
equilibria described above may be insufTident to main* 
tain a stable coagulation state or a stable cutting state. 
It is for this reason, that the RF output voltage from the 
RF osdltator 60 (Rgure 5) is limited* the limiting occur- 
ring ^(tremely rapidly, typically with a response time of 
20(18 or less. Excessive radio frequency Interference is 
avoided by linear variation off the oscillator switching 
device "on" time In response to a feedbadc signal from 
the voltage threshold detector. This technique is used in 
conjunction with the RF oscillator having a compara- 
tively low output Q when matched to the load, this Q 
being sufficient to suppress switching noise without 
Inordinately damping the response to output voltage 
threshold detection. 

[0082] By way of exannsle. the effect of voltage 
threshold control for a particular electrode configuration 
is shown in Figure 1 0, The heavy Ttnes 200. 202 indicate 
the modified power/load impedance characteristics. For 
desiccation, shown by tine 200» the switched mode 
power supply Is set to produce a peak (matched) open 
loop output power of between 75 watts and 110 watts, 
with the actual peak power in this case being about go 
watts. For cutting and vaporisation (shown by line 202), 
the peak power can be between 120 watts and 175 
watts. In this case It is about 150 watts. As examples, 
the voltage thresholds are set at 180 volts peak for des- 
iccation and 300 volts peak for cutting, as illustrated by 
the hypertx>&c constant voltage lines 204 and 206 
respectively. The power/impedance curves follow the 
respective constant voltage threshold Fines to the right 
of their intersection with the unmodified open loop 
curves 208 and 21 0. Thus, it will be understood that the 
deslccatton threshold line represents the maximum vdt* 
age that can be achieved In the desk^atlon mode 
before arcing is produced, whilst the cut threshold line 
limits the cutting or tissue vaporisation performance to 
achieve the desired tissue effect and, in the extreme, to 
avoUS electrode burn-out The desiccation threshold line 
also represents a voftage insufficient to achieve arcing 
for cutting or vaporising tissue. 
[0083] A signiftcant feature of the generator charac- 
teristic for electrosurgical cutting or tissue vaporisation 
Is that at peak power (matched Impedance) the load 
impedance lies between the impedances cbn-esponding 
to the threshold voltages at that power level. In contrast, 
in the desiccation mode, the power/load impedance 
characteristic has a power peak at an ^pedance lying 
below the desiccation threshold line at that power level. 
[0084] In practice, the output power In the desicca- 
tion mode will be higher than in the cutting or tissue 
vaporisation mode. The reason for this statement 
(despite the apparent contradkition with the load curves 
in Rgure 10) Is that the equilibrium points described 
above lie at different points on the respective curves. To 



ensure cutting, the high peak power of the higher curve 
is required to reach the cut threshold line (correspond- 
ing to 300 volts peak). The cutting mode then follows the 
cutting or vaporisation threshold tine. The cutting oper- 

5 atlng point is defined t^ the load impedance created 
when a suitable level of arcing is occurring. Typically, the 
load Impedance In these circumstances Is greater than 
1000 ohms. Thus, although a full 1 50 watt peak power 
is available to ensure that vapour pockets are formed to 

10 promote arcing for cutting, the actual power drawn dur- 
ing cutting or tissue vaporisation for this particular elec- 
trode example may be between 30 watts and 40 watts. 
This situation is more easily understood if reference is 
also made to Figure 3. 

15 [0085] In the desiccation mode, the operating point 
is determined by the positive power coefficient of imped- 
ance arising from steam generatkm. Consequently, the 
equilibrium naturaSy occurs in the region of the peak of 
the destecation mode poweryioad Impedance curve. 

20 [0086] Blended modes can be used by constantly 
alternating between desiccation and cut states or by 
altering the position of the thresholds. 

Claims 

1 . An electrosurgical generator for supplying radio fre- 
quency power to an electrical bistrument. the gen- 
erator comprising a radio frequency output stage 
having at least a pair of electrosurgical output con- 

30 nectlons for the delivery of radio frequency power to 
the instrument, a power supply coupled to the out- 
put stage for su|:^ly!ng power to the output stage, 
and control circuitry including sensing means for 
deriving a sensing signal representative of the radio 

35 frequency peak output voltage developed across 
the output connections, wherein the output stage 
comprises a resonant output drcult coupled to the 
output connections and a switching device coupled 
to the resonant output circuit, and wherein the con- 

40 trol circuitry is operable to actuate the switching 
device to reduce the delivered radio frequency 
power. 

2. A generator according to daim 1, wherein the 
45 switching device is connected between the reso- 
nant output circuit and one of a pair of supply rails 
of the power supply means, and connected so as to 
switch cument repeatedly through the resonant out- 
put circuit at its resonant frequency, and wherein 

50 the control circuitry is so arranged and coupled to 
the switching device as to reduce the 'on" time of 
ihe switching devkre during Individual radio fre- 
quency switching cycles sufficiently rapidly to 
cause a 50% reduction in delivered output power 

55 within .1 00^ of the predetermined threshold having 
been reached. 

3. A generator according to claim 1 or daim 2, 
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wherein the switching device Is a power oscillator 
device coupled to an osdffator feedback loop. 

4. A generator according to any of claims 1 to 3, 
wherein the control circuitry Is arranged to reduce $ 
the delivered radio frequency power by at least 50% 
In less than 1 0O^s in response to the output voltage 
reaching a predetermined threshold. 

5. An eiectrosurgtcal generator for supplying power to to 
an electrosurglcal instrument, the generator com- 
pHsIng a radio frequency output stage including a 
radio frequency power device and having at least a 
pair of electrosurglcal output connections for deliv- 
ery of radio frequency power to the instalment, a is 
power supply cot^Ied to die output stage, and con- 
trol circuitry including sensing means for deriving a 
sensing signat representative of the load Imped- 
ance across the output connections, the control cir- 
cuitry having a first output coupled to the power so 
device to reduce the radio frequency du^ cycle 
thereof and a second output coupled to the power 
supply to effect a reduction In the average power 
supply voltage supptfed to the output stage, the 
said reductions occuning in response to the sens- 25 
ing signal reaching a predetermined threshold 
value. 

6. A generator according to claim 5, wherein the con- 
trol circuitry has means including a ramp generator so 
operable to cause a first contml signal applied via 
the first output to the power device initially to reduce 
the said duty cycle to cause at least a 50% reduc- 
tion in the power delivered via the output connec- 
tions and then progressively to Increase the duty as 
cycle at a less rapid rate until the sensing signal 
once again reaches the threshold value, and to 
cause a second control signal applied to the power 
supply via the second output to reduce the average 
power supply voltage fbr at least a minimum prede- 40 
termiried time interval the duiBtion of which is sev- 
eral times greater than the duration of a single 
power device duly cycle reduction and progressive 
increase sequence, 

45 

7. An electrosurglcal system including a generator for 
generating radio frequency power and an electro- 
surglcal Instnmtent having at least one electrode for 
use Immersed In a conductive liquid, wherein the 
generator comprises an output stage including a so 
radio frequency power device and at least a pair of 
output connections an^nged to receive racfio fre- 
quency power from the power device, one of the 
pair of connections being connected to the said 
electrode, and wherein the generator further com- S5 
prises a control stage operable to reduce the con- 
duction time of the power device during individual 
radio frequency cycles in response to a sensing sig- 



nal representative of me peak output voltage across 
the output connections exceeding a predetermined 
sensing signal threshold value, whereby the radio 
frequency power defivered to the electrode struc- 
ture is rapidly reduced when the conductive liquid Is 
vaporised. 

8. A system according to claim 7, wherein the elec- 
trode structure includes a projecting treatment elec- 
trode and a liquid contact electrode spaced from 
the treatment electrode, both electrodes being for 
use sunrounded by the conductive liquid and each 
being connected to a respective one of the pair of 
output connectioi^p the control stage being opera- 
ble to reduce the conduction time of the power 
device when the conductive liquid at the treatment 
electrode is vaporised ther^y to cause the col- 
lapse of vapour bubbles at the treatment electrode 
and a decrease in the electrical toad impedance. 

9. A system according to claim 8. wherein the electro- 
surgical Instrument has an electrode structure hav- 
ing Juxtaposed first and second electrodes for 
Immersion In a conductive liquid, the first and sec- 
ond electrodes respectively fomning a tissue con- 
tact electrode at an extreme distal end of the 
instrument and a return electrode proxbnalty 
spaced from the tissue contact electroda 

10. A system oxording to claim 8 or claim 9, wherein 
the generator output stage includes a resonant cir- 
cuit coupled between the power device and the out- 
put connections, and having a resonant frequency 
corresponding to the frequency of operation of the 
generator. 

11. An eiectrosuigical system operable In at least a tis- 
sue desiccatbn mode and a tissue cutting or vapor- 
isation mode comprising a generator for generating 
radio frequency power and an electrosurglcal 
instrument coupled to the generator, the instrument 
having an electrode structure for operatton 
immereed in a conductive liquid, wherein the gener- 
ator includes a mode selection control and has 
power control drouitry for automatically adjusting 
the radio frequency power suppled to the electrode 
structure to limit the peak generator output voltage 
to a first value when the desiccation mode is 
selected and to at least one second value when the 
cutting or vaporisation mode is selected, the sec- 
ond value or values being higher than the first 
value. 

12. A system according to claim n, wherein the first 
and second values are In the ranges of from 160V 
to 200V and from 260V to 600V respectively, the 
voltages being peak voltages. 
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13. A method of operating an electrosurgical system 
having at least a tissue desk:cation mode and a tis- 
sue cutting or vaporisation mode, the system hav* 
big a rB(£o frequency power generator coupled to 
an electiode assembly having an electrode for 5 
operation In a conductive fiqutd. wherein the 
method comprises: 

selecting one of the said modes; 

to 

when the desiccation mode Is selected, 
automatically adjusting the radio frequency 
power supplied to the electrode assembly 
to maintain the conductive liquid adjacent 
the electrode at its boiling point for tissue is 
desiccation without creating a vapour 
pocl<et sun'ounding the electrode; and 
when the cutting or v^orisation mode Is 
selected, automatically adjusting the radio 
frequency power supplied to the electrode 20 
to maintain a vapour pocket surrounding 
the electrode. 

14. A method according to claim 13, wherein , in the 
cutting or vaporisation mode, the radio frequency 2S 
power supplied to the electrode Is automatically lim- 
ited to prevent overheating of the electrode. 

15. A method according to claim 14. wherein the radio 
frequency power supplied to the electrode is auto- so 
matlcally ac^sted by limiting the output voltage 
appPied to the electrode to predetermined first and 
second voltage values, the first voltage value being 

~ used In the desiccation mode, and the second volt- 
age value, which is higher than the first voltage 35 
value, being used in the cutting or vaporisation 
nusde. 

16. A method acconjing to cisdm 15, wherein the first 
and second voltage values are In the ranges of from 
150V to 200V and from 2S0V to 600V respectively, 
the voltages being peak voltages. 

17. A method of operating an electrosurgical system 
which has a generator coupled to an electrode 45 
assembly h&ying an electrode for operation in a 
conductive liquid, wherein the method comprises 
applying radio frequency power to the electrode, 
monitoring an electrical signal related to the load 
impedance presented to the generator, and reduc- so 
ing the applied power when the said signal reaches 

a predetemilned threshokl value associated with an 
increased load impedance, whereby only sufficient 
radio frequency power is applied to the electrode to 
maintain the liquid adjacent the electrode at its boil- ss 
ing point for tissue deskxation without creating a 
vapour pocket surrounding the electrode. 



18. A method according to claim 17, wherein the moni- 
tored electrical signal Is the peak output voltage 
applied to the electrode. 

19. A method according to dalm 17 or dalm 18, 
wherein the applied power Is reduced by at least 
50% within IOOms of the peak output voltage 
exceeding the predetenrrtined threshold. 

20. A method according to any of claims 17 to 19, 
wherein the applied power is reduced by reducing 
the conductbn period of a mdio frequency output 
power devk:e of the generator during individual 
radio frequency cycles. 

21. A method according to daim 20, further Indudlng 
redudng the supply voltage supplied to the output 
power device sinruiitaneously with the said reduc- 
tk>n in the conduction period, and then progres- 
sively increasing the conductton period at a mte 
which Is less than the rate at which the conduction 
period is reduced. 

22. A method according to claim 20, wherein the gener- 
ator has a switched mode power supply and the 
supply voltage reduction is achieved by disabling 
the output of a supply current switching devtee of 
the power supply for a whole number n of the power 
supply switching cycles, where n is greater than or 
equal to 1. until the said monitored electrk:al signal 
no longer reaches the predetermined threshold 
value. 

23. An electrosurgical generator for supplying radio fre- 
quency power to an electrosurgk;al instrument, the 
generator comprising a racfio frequency output 
stage having at least a pair of electrosurgteal output 
connections for the defivery of radio frequency 
power to the Instrument, means coupled to the out- 
put stage for supplying power to the output stage, 
and control circuitry including sensing means for 
deriving a sen^g signal representative of the radto 
frequency output voltage developed across the out- 
put connections and means responsh^e to the sens- 
ing signal for causing a reduction in delivered 
output power Independently of supply voltage or In 
addition to supply voltage reduction when the sens> 
ing signal is indicative of a predetemilned threshold 
having been reached. 

24. A generator accondlng to dalm 23, wherein the 
means for causing a reduction in delivered output 
power Is operable to cause at least a 50% reduction 
in delivered output power when the sensing signal 
Is indicative of the said threshold having been 
reached, the said reduction being effected within a 
period of 20(18 or less. 
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25, A generator according to claim 24, wherein the 
response time of the oontrot dmuitiy and the 
means ooupted to the output stage to the radio fre* 
quency output voltage reaching the piBdetermined 
threshold is 1 0Ofis or less, 5 

26, A generator according to any of daims 23 to 25, 
wherein the means for causing a reduction In output 
power include a first control line coupled to the 
radio frequency output stage for feeding a first 10 
power reduction control signal to the said stage. 



arranged such that the power supply circuit is ena- 
bled when the said peak conduction period has 
been maintained for a predetemilned time. 

32. A generator according to daim 31 , wherein the con- 
trol circuitry and the power supply means are 
arranged such that the power supply drcuit Is disa- 
bled until the end of a switched mode switching 
cycle in which the output voltage has not reached 
the said predetermined threshold for the whole of 
the switching cycle. 



27. A generator according to dalm 25 and daim 26. 
wherein the output stage includes at least one radio 
frequency power device and wherein the control dr- 
cultry is anranged such that the at least 50% reduc- 
tion in output power is effected redudng the 
period of conduction of the device during Individual 
cydes of radio frequency oscillation independently 
of the suppty voltage to the device. 

28. A generator according to claim 26 or dalm 27, 
wherein the means for causing a reduction in output 
power further indude a second control Hne coupled 
to the power supply means, the control circuitry 
being amanged such that a second power reduction 
signal is fed to the power supply means to effect a 
reduction In the average power supply voltage sup- 
plied to the output stage. 

29. A generator according to claim 27, wherein the 
means for causing a reduction In output power fur- 
ther Indude a second control line coupled to the 
power supply means, the control drcuitry being 
arranged such that a second power reduction sig- 
nal is fed to the power supply means to effect a 
redudion in the average power suf^ly voltage sup- 
plied to the output stage, and wherein the power 
simply means comprises a switched mode power 
suppjf drcuit with output snrwwthing components, 
and wherein the supply circuit is ananged such that 
the second power reduction control signal has the 
effed of disabBng the supply circuit 

30. A generator according to claim 27, wherein the con- 
trol drcuitry is operable repeatedly to effect a rapid 
redudion in the cycle by cyde conduction period of 
the power device from a peak level to a trough level 
foltowed by a less rapid progressive increase In the 
conduction period until the conduction period again 
reaches Its peak level, the rapid reduction and pro- 
gressive Increase sequence being repeated until 
the sEud peak conduction period level can be 
reached without the output voteige exceeding the 
said predetern^d threshold. 

31. A generator according to claim 30, wherein the con- 
trol circuitry and the power supply means are 



33. A generator accorcfing to any of claims 23 to 32, 
wherein the output stage has at least one radio fre- 

15 quency power sv^tch^g devk» and frequency 
selective components which in comblnatton with 
the switching davk^ are operable to produce an 
output voltage wavef onm having a crest fector less 
than or equal to 1.7. 

20 

34. A generator according to any of claims 23 to 33, 
wherein the sensing signal is representative of a 
peak output voltage. 

25 35. A generator according to any of claims 23 to 34» 
wherein, at least in a desiccation mode of the gen- 
erator, the said predetemnined threshdd is in the 
range of ISOV to 200V peak and is set independ- 
ently of the supply voltage. 

30 

36. A generator according to any of claims 23 to 35, 
wherein the control circuitry is ananged such that In 
a coagulation mode of the generator the output voy- 
age is limited to a first said predetennined voltage 
35 threshold, and In a cut or tissue vaporisation mode 
of the generator the output voltage Is limited to a 
higher, second sakf predetermined voltage thresh* 
old. 

40 37. A generator according to dalm 36, wherein the out- 
put stage has a power/load impedance characteris- 
tic which, for a constant average supply voltage, 
has a peak lying on the low impedance side of a line 
representative of the second predetemnined volt- 
45 age threshold. 

38. A generator according to dalm 37, wherein, in the 
cut or tissue vaporisation mode, the said generator 
power/ioad impedance characteristic lies between 

50 the line representative of a the second predeter- 
n^ned voltage threshold and a line rapresentathra of 
the first prodetemilned voltage throshdd. and 
wherein in the coagulation mode the said charac- 
teristic has a peak which lies on the low impedance 
55 side of the line representative of the said first volt- 
age threshold 

39. A generator according to any of claims 23 to 38, 
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wherein the sensing means are coupled between 
the said output connections. 

40. A generator according to dafm 39, wherein the 
sensing means include a transfomner having a pri- 5 
mary winding coupled across one element of a 
potential divider connected across the said output 
connections. 

41. A generator according to any of claims 23 to 40, to 
having an output stage operable continuously in 
open loop configuration, and having an output 
impedance in the range of from 50 ohms to 250 
ohms, and preferably between 130 and 190 ohms. 
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